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Abstract 

This paper proposes three so-called pseudo- 
coherent demodulation schemes for use in land mobile 
satellite channels. The schemes are derived based on 
maximum-likelihood (ML) estimation and detection of an 
A-symbol observation of the received signal. Simulation 
results for all three demodulators are presented to allow 
comparison with the performance of differential PSK 
(DPSK), and ideal coherent demodulation for various 
system parameter sets of practical interest. 

Introduction 

A land mobile satellite channel can be 
characterized by AWGN, phase noise, frequency offsets 
due to local oscillator instabilities, Doppler and Doppler 
rate, Rician fading, and shadowing due to vegetation, 
terrain, and man-made buildings. The severity of these 
impairments varies for different applications depending 
on the satellite transponder, data rate, carrier frequency, 
type of antenna, and so on. For example, if a high gain 
antenna is used for the mobile, then Rician fading can be 
ignored. The modem designed to operate in such a 
channel must be robust in the face of frequent but rapid 
signal outages and must be able to reacquire the signal 
quickly. In the absence of a mid-band pilot, coherent 
demodulation is not an appropriate choice for this 
channel due to the long signal reacquisition time caused 
by the above mentioned impairments. Therefore, 
differentially coherent PSK (DPSK) can be selected as an 
alternate modulation scheme because of its simplicity and 
ability to recover quickly from the fade events. The bit 
error rate performance of uncoded DPSK is worse than 
that for coherent demodulation by about 1 dB in E 5 /A 0 , 
Convolutionally coded DPSK, however, requires about 3 
dB higher EfrlNQ than coherently demodulated PSK at a 
bit error rate of 10'3 in an AWGN channel assuming 3- 
bit soft quantization. To reduce this penalty, we consider 
pseudo-coherent demodulation which represents a 
compromise between the two extremes of coherent and 
differentially coherent demodulation. 

This paper proposes three so-called pseudo- 
coherent demodulation schemes. The schemes are 
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derived based on maximum-likelihood (ML) estimation 
and detection of an A-symbol observation of the received 
signal. Typical values of A range from 5 to 15 symbols. 
The first scheme is based on ML estimation of carrier 
phase assuming that the unknown frequency offset is 
perfectly compensated by a frequency estimator prior to 
the phase estimation process. The second scheme is 
based on direct ML estimation of a time varying phase 
caused by the presence of the frequency offset. This 
scheme does not require a separate frequency estimator as 
in the first scheme. Last of all, a scheme is proposed 
which is a hybrid of a simple open loop frequency 
estimator and the ML estimate of carrier phase 
conditioned on perfect knowledge of the frequency offset. 
Due to the time-varying phase, both the second and third 
demodulators are equipped with a 180 degree phase jump 
detector to resolve the periodic 180 degree phase 
ambiguities that occur. Simulation results for all three 
demodulators are presented to allow comparison with the 
performance of DPSK for various system parameter sets 
of practical interest. 

Derivation of a pseudo coherent demodulation scheme 
in the absence of frequency offset 

Consider the transmission of a BPSK modulated 
signal over AWGN channel with unknown carrier phase. 
For simplicity we use the complex envelope signal 
representation. The transmitted signal in the interval 
kT<t< (k + 1)7 is 

s(t) = V2fV*‘ (1) 

where P denotes the constant signal power, T denotes the 
PSK symbol duration and (p k the transmitted phase 

which takes on one of two values 0 and 71. The 
corresponding received signal in this same interval is 

r(t) = y[2Pe J * l e je +n(t) (2) 

where n(t) is a zero mean complex Gaussian noise with 
two-sided power spectral density 2N 0 and 0 is an 

arbitrary carrier phase introduced by the channel. In (2) 
we have assumed that the received signal is down- 
converted to baseband by a frequency reference signal 
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txp(j2nf c t), where f c is the estimate of the received 
carrier frequency f c and is provided by a Doppler 
frequency estimator. If we assume perfect frequency 
estimation i.e. f c = f c , then at the output of the 
integrate-and-dump (I&D) filter we obtain 

r k =^e m+e) +n k kT<t<(k + l)T 

(3) 

where n k is a sample of zero mean complex Gaussian 
noise with variance <7^ = N 0 / T per dimension . 

Consider now a received sequence 
r = (r k _ l ,....r k _ N ) of length N and assume that the 

carrier phase 6 is constant over the length of this 
sequence. Then the likelihood function is 


2nd 


(4) 


where vector <|> = , 0 *.- n) transmitted 

phase sequence. Equation (5) can be written as 

p(r\$,9)=Fe w (5) 

where 

1 vi NP 

( 6 ) 


F=( ir ^fe 2<t 


2n& n 

which is independent of the data, and 

V ip 


a - 


(7) 


We would like to obtain the maximum- 
likelihood estimation of the carrier phase 6 given the 

observation r = (r k _ v ....r k _ N ). Thus, 0 ML should 
satisfy 

ln P( r |0A«.) = maxln/?(r|0) (8) 
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= Ff[cosh(aRe{r,_^- ;e }) 
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or 


In p(r\9) = In F + ^T lncosh^aRejr^e ;S }) 

i=I 

( 10 ) 

Then, the solution to 

e?ln p(r\9) 
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= 0 


( 11 ) 


results in 9 ML . Using (1 1) in (12) we obtain 


1=1 


‘(Re{yV,^ e }) = 0 


( 12 ) 

For small signal to noise ratio we have the approximation 
tanh*^* (13) 

Therefore, 9 m should satisfy 

y Re^r k _ t e~ J ^ UL J Re| jr k _ l e~ J ® u ‘ j = 0 

(14) 

which results in the maximum-likelihood estimate of 
phase 


r , j ® ML 
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(15) 


The structure of the demodulator corresponding to (15) is 
shown in Fig. 1 . 
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Figure 1. Pseudo-Coherent Demodulator (Scheme 1) 
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This scheme can be shown to be equivalent to a 
similar scheme proposed in Til if the nonlinearity used in 
[1] is a squaring device. However, the authors of [1] did 
not specifically show that their structure is based on 
maximum-likelihood estimation. 

We now present the relative bit error 
performances of a communication system employing the 
proposed demodulation scheme with respect to 
comparable systems using DPSK and ideal coherent 
demodulation. To do this we consider the three systems 
illustrated in Figs. 2, 3, and 4 respectively. In all three 
cases, the transmitter uses a constraint length K=l, rate 
r=l/2 convolutional encoder with an interleaving size of 
4x32 symbols. A Viterbi decoder with infinite bit 
quantization input and decoder buffer size of 32 bits has 
been used at the receiver. 
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Figure 2. System 1, with Pseudo Coherent Demodulation. 



Figure 3. System 2, with Coherent Demodulation. 



Figure 4. System 3, with Differentially Coherent 
Demodulation (DPSK). 


Simulation results for the bit error performance 
of the three systems are shown in Figure 5. As can be 
seen from this figure, the proposed pseudo-coherent 
demodulator requires 2.40 dB less E^INq than the DPSK 
demodulator, and 0.85 dB more E^/Nq than an ideal 

coherent demodulator at a bit error rate of 10"^. In 
obtaining the simulation results, perfect Doppler 
frequency tracking was assumed. 



Bit SNR,dB 

Figure 5. Simulation Results 


Derivation of a pseudo coherent demodulation scheme 
in the presence of frequency offset 

Let 0 k be the unknown time-varying carrier 
phase (due to frequency offset) at time t = kT. Then, 6 k 
can be written as 


0 k = 0 0 +27rfkT (16) 

where 6 0 is the initial carrier phase and /is the frequency 
offset. Similarly, the phase at time t = ( k-i)T is related to 
the phase at time t-kT by 

0 k - i = 0 k -2nfiT (17) 

We are interested in finding the maximum-likelihood 
estimate of 6 k by observing N past received samples 

r k _ { ,r k _ 2 , > r k -N denoted by the vector r, i.e. 


P^\e kML ) = m^p{r \e k ) 

To obtain /j(r|0 t ) , we first find 

? d \ "A*; 

, “ £ Rc r*_, f 

p(r\$,G k ,f)=F e >=i l 


(18) 


+ 8 k -2nf,T) 


(19) 

where F and a are given by (6) and (7) and 
$ = , 0K-N ) is a vector of BPSK phases, each 
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taking values 0 or n. Next, wc compute p(v\9 k ,f) by 

averaging (20) over the binary-valued equiprobable data 
phases producing 

Mr|0*,/) = £{p(r|0,0*,/)} 

N 

= Fn c °s h (a R e{^.,,-* }) 


A i2n fiT 

where /?*_, =7'^ er • Finally, we compute 


p(r\6 k )by averaging (20) over the frequency shift / 

assuming as its density function a uniform distribution 
between -f max and fnmx where fmax corresponds to the 
maximum expected (Doppler) frequency shift. The 
result of this averaging gives 

Mr|0,)=£{p(r|0„/)} 

= J n^shfaRe^-'*-})# 

^ J max -f mx 


To obtain 0. , f , we need to determine the solution to 


<?P(rfc)| 


Using small signal-to-noise ratio (SNR) approximations 
for sinh(.) and cosh(.), we obtain the final result as 

f N 

,i Id,s>nc(4/ n ,„,T) 

g J U k,ML _ 

X r Ls«nc(4/ max fT) 

V 

where sinc(x) = $in(7ix )/nx. 

The structure of the demodulator corresponding 
to (23) is shown in Fig. 6. Due to time-varying phase and 
the structure of the ML estimator, the demodulator is 
equipped with a 180 degree phase jump detector to 
resolve the periodic 180 degree phase ambiguities. 
Without a 180 degree phase jump detector, the 
differential decoder fails at the end of each 180 degree 
phase jump period. The phase jump detector compares 
the present and the previous phase estimates for 
detection. The bottom portion of Fig. 6 shows the phase 
jump detector. 

Simulation results for the bit error rate of the 
pseudo-coherent demodulator using scheme 1 and 
scheme 2 are compared and the results are shown in Fig. 
7. Scheme 1 is the best in the absence of frequency error, 
but it is very sensitive even to very small frequency 
offsets. Scheme 1 will fail for frequency offsets even as 
small as 1 Hz. Therefore, in practice, it is preferable to 
use scheme 2 even though there is a small penalty due to 
using a phase jump detector. 
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B* Error Rate 



Bit SNR, dB 

Figure 7. Simulation results. 


A pseudo-coherent demodulation scheme with an 
open loop frequency estimator 

The third proposed pseudo-coherent 
demodulation scheme uses a simple open loop frequency 
estimator together with the ML estimate of the carrier 
phase conditioned on perfect knowledge of the frequency 
offset. Due to time-varying phase and the structure of the 
ML estimator, the demodulator is again equipped with a 
180 degree phase jump detector to resolve the periodic 
180 degree phase ambiguities. The structure of the 
demodulator is shown in Fig. 8. A typical sample 
function of the phase estimate in the presence and 
absence of noise is shown in Fig. 9. Simulation results 
have been obtained to compare the bit error probability of 
this scheme with DPSK for various cases of practical 
interest. These results are illustrated in Fig. 10. 


Output 
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Bit SNR, dB 

Figure 10. Simulation results 


Conclusion 

In this paper, three pseudo-coherent 
demodulation schemes were proposed. The schemes were 
derived based on maximum-likelihood (ML) estimation 
and detection of an //-symbol observation of the received 
signal. Simulation results for all three demodulators were 
presented to allow comparison with die performance of 
differential PSK (DPSK) and ideal coherent 
demodulation for various system parameter sets of 
practical interest. 

Scheme 1 can be used if there is an external 
frequency estimator with very small frequency error 
variance. Scheme 2 can be used if the frequency offset is 
small, or the receiver "is equipped with an external 
frequency estimator. Scheme 3 can be used if the 
frequency offset is large mid no external frequency 
estimator is used. 

Acknowledgment 

This work was partially supported by the ACTS 
Mobile Terminal (AMT) and Direct Broadcast Satellite- 
Radio (DBS-R) projects. 

References 

[1] A. J. Viterbi and A. M. Viterbi, "Nonlinear Estimation 
of PSK Modulated Carrier Phase with Application to 
Burst Digital Transmission," EEEE Trans, on Inform. 
Theory, Vol. IT-29, No. 4, pp. 543-551. July 1983. 


496 





Session 11 

Advanced System Concepts and Analysis — II 


Session Chair — Ed Ashford, European Space Agency, The Netherlands 
Session Organizer — Jack Rigley, Communications Research Centre, Canada 


Transmission Over EHF Mobile Satellite Channels 

W. Zhuang, TR Labs; andJ.-Y. Chouinard and A. Yongagoglu, University 
of Ottawa, Canada 499 

Adaptive Data Rate Control TDMA Systems as a Rain Attenuation 
Compensation Technique 

Masaki Sato, Hiromitsu Wakana, Takashi Takahashi, Makoto Takeuchi 

and Minoru Yamamoto, Communications Research Laboratory, Japan 505 

SATCOM Simulator Speeds MSS Deployment and Lowers Costs 

Tim Carey, Roily Hassun and Dave Koberstein, Hewlett-Packard 

Co., U.S.A 511 

Development of a Multilayer Interference Simulation Program for 
MSS Systems 

Jamal S. Izadian, Loral Qualcomm Satellite Services, U.S.A 517 

Handover Aspects for a Low-Earth Orbit CDMA Land Mobile 
Satellite System 

P. Carter and M.A. Beach, University of Bristol, England 523 

Study on Networking Issues of Medium Earth Orbit Satellite 
Communications Systems 

Noriyuki Araki, Hydeyuki Shinonaga and Yasuhiko Ito, KDD R&D 
Laboratories, Japan 529 

The Design and Networking of Dynamic Satellite Constellations for 
Global Mobile Communication Systems 

Cionaith J. Cullen and Xavier Benedicto, European Space 
Agency/ESTEC, The Netherlands; and Rahim Tafazolli and Barry Evans, 

Center for Satellite Engineering Research, England 535 


(continued) 


Low Earth Orbit SatelliteATerrestrial Mobile 
Service Compatibility 

R.E. Sheriff and J.G. Gardiner, University of Bradford, England 54 1 

A Practical System for Regional Mobile Satellite Services 

Randall Glein, Denis Leverson and Dean Olmstead, Hughes Aircraft 

Co., U.S.A 543 

Advanced Mobile Satellite Communications Using COMETS Satellite in 
MM-wave and Ka-Band 

Shingo Ohmori, Shunkichi Isobe, Makoto Takeuchi and Hideyuki Naito, 
Communications Research Laboratory, Japan 549 



